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Abstract The drilling has been accurate to a precision of a few microns, because drill material and form has been 
advanced. However a essential reason of hole deflection in drilling has not been well known. So in this 
paper, a effect of drill vibration on hole deflection was analyzed. As a result, the error of initial position of 
drill was caused by regenerative chatter vibration, and deflection of hole was caused by 90 degree phase 
shift of drill bending vibration after one rotation. 
 






































Drilling machine FANUC α－T14ics 
Workpiece A2060，50×80×30 ㎜ 
Drill Tungsten carbide,φ5.3 ㎜,2 teeth 
Mitsubishi VAPDSSUSD0530 
Spindle speed 523～7600min-1 
Feed rate 0.02mm/rev 
Center hole Nothing 
Guide hole Nothing 






































































Accelerometer Kistler 8778A500sp 
Impulse hammer Kistler 9722A500 
Dynamometer Kistler 9257B 
Fig. 1  Drilling machine 
Table 1  Drilling equipment and condition 










Fig. 2  Measuring probe of hole position 
Fig. 3  Relation between error of drill initial 
position and hole deflection 
Table 2  Measuring equipment of drill vibration  

























Error  of  drill initial position μm
 Measuring probe 
Workpiece 
Spindle speed: 723～7600min-1 











































あり，5 角形になっている．これも 5 周期の振
動であるが，振動の振幅は小さくなっている．
再生びびり振動では 1 周期毎に位相ずれが生じ，







































Fig. 4  Frequency character of drill vibration 
Fig. 6  Trajectory of cutting resistance at 15mm-depth 





















































































Fig. 5  Trajectory of cutting resistance at initial position 
Spindle speed: 754min-1 
Spindle speed: 754min-1 
  





















































































Fig. 8  Relation between hole reflection and phase shift 













































































Phase shift of drill bending vibration


































Error of hole position in X-coordinate μm
Initial position 
15mm-Depth 
Fig. 11  Error of drill position at initial point and 15mm-depth 
Fig. 10  Trajectory of drill acceleration at 5～10ms  
after impact with impulse hammer 
Fig. 9  Trajectory of drill acceleration at impact  
with impulse hammer 
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